are practical limitations as to the number of metaphases that St Luke Clinic, Oita, 870-0947, Japan can be studied. Furthermore, spermatozoa of certain subgroups 1 To whom correspondence should be addressed of infertile men show an impaired capacity to penetrate eggs. The relative ability of genetically abnormal spermatozoa to There is concern that intracytoplasmic sperm injection penetrate hamster eggs has not been extensively studied. (ICSI) may lead to offspring with a high frequency of Recently, fluorescence in-situ hybridization (FISH) has been chromosomal abnormalities. Accordingly, we studied used to study aneuploidy rates in human spermatozoa (Williams spermatozoa sampled from eight infertile men with et al., 1993; Miharu et al., 1994; Martin et al., 1996 ; Lähdetie oligoasthenoteratozoospermia (OAT) by multi-colour et al., 1997). This highly sensitive and specific method permits fluorescence in-situ hybridization (FISH), using DNA the study of larger numbers of spermatozoa than other existing probes for chromosomes 13, 18, 21, X and Y. Results were techniques by using a chromosome-specific DNA probe that compared with those of spermatozoa sampled from 10 can be detected by fluorescence microscopy in cells in the healthy men with normal semen profiles. Analysis of the interphase as well as the metaphase. We used FISH to diploidy values was repeated twice in each of the 18 men.
Introduction
or more; morphology, ജ30%; motility, ജ50% with forward progresIntracytoplasmic sperm injection (ICSI) has overcome the sion within 60 min of ejaculation.
Furthermore, sperm normal morphology (SNM) was evaluated problem of male infertility in the past few years. By this using the Tygerberg strict criteria as described (Kruger et al., 1988) .
technique, even spermatozoa from men with an extremely low
The cut-off value used was ജ14% normal morphology.
sperm count, and with poor sperm motility and morphology can be successfully used to fertilize the oocyte. However, there
Preparation of sperm nuclei
is concern that these spermatozoa may have a higher frequency Samples were washed three times in phosphate-buffered saline (PBS, of chromosomal abnormalities, so that ICSI may lead to a pH 7.2) and centrifuged at 300 g for 10 min. The pellet was then higher frequency of offspring with chromosomal abnormalities.
carefully resuspended in 1 ml of fresh, cold fixative (methanol: acetic Some recent reports on the prenatal diagnosis of ICSI pregnanacid ϭ 3:1) and stored at -20°C. The fixed sperm cell suspension cies indicate an increased risk of sex chromosomal abnormalitwas spread on a clean glass slide and air-dried.
ies in~1% of cases (Liebaers et al., 1995) . These were shown
Prior to hybridization, the slides were washed in 2ϫsaline sodium to be of paternal origin (Van Opstal et al., 1997) .
citrate (SSC) to remove excess fixative and were then incubated for
Aneuploidy studies in human spermatozoa have been per-15-30 min in 1 mol/l Tris-HCl buffer (pH 8) that contained 20 mol/l dithiothreitol (DTT). After decondensation, the slides were formed by the zona-free hamster egg penetration system Kruger et al. (Kruger et al., 1988 Multi-colour fluorescence in-situ hybridization studies were performed as described (McInnes et al., 1998) . To determine the frequency of disomy for autosomes, two-colour FISH was conducted in which the probes for chromosomes 13 and 21 were hybridized simultaneously. sperm nuclei per chromosome probe and 10 000 sperm nuclei per We used a commercial dual probe mixture that contained a probe subject were examined. labelled with SpectrumGreen TM for chromosome 13 and a SpecData were statistically analysed using Student's t-test and P Ͻ trumOrange TM labelled probe for chromosome 21 (Vysis, Downers 0.05 was considered significant. Grove, IL, USA).
The hybridization solution was applied to a glass slide that contained the fixed sperm and covered with a coverslip. The slide was sealed
Results
with rubber cement and placed in a dark moist chamber at 37°C for 12 h. After hybridization, each slide was washed individually at 45°C
Multi-colour FISH analysis was performed in the patients and in 50% formamide/2ϫSSC for 2 min, 2ϫSSC/0.1% Tween 20 for the controls. Individual sperm profiles are shown in Table I. 10 min, and 2ϫSSC for 5 min. The slides were then mounted with A minimum of 5000 spermatozoa per hybridization per subject 10 µl of 4Ј,6-diamino-2-phenylindole (DAPI; Vysis) counterstain in were counted for a total of Ͼ140 000 spermatozoa analysed.
anti-fade solution.
The individual results for the frequency of diploidy for each Three-colour FISH was performed to determine the frequency of hybridization are presented in Table II . For each of the 18 disomy for the sex chromosomes using three direct-labelled probes: men, the diploid value was analysed two times and there were CEP 18 SpectrumAqua TM , CEP X SpectrumGreen TM , and CEP Y no significant differences in the two diploidy values (P ϭ SpectrumOrange TM . The protocol for hybridization was the same as 0.88). The mean diploidy rate was 0.16% in the control group, that for two-colour FISH. and 0.29% in the OAT group.
Scoring of sperm nuclei and analysis of preparations
The disomy rates established for chromosomes 13, 18, 21, X and Y in the 18 men are summarized in Table III . The mean Analyses of sperm probes were carried out without prior knowledge of the patients' sperm parameters. Only slides showing hybridization frequency of disomic sperm nuclei in the control group was efficiencies Ͼ95% were evaluated. Sperm slides were scored accord-0.09% (range 0.06-0.14%) for chromosome 13, 0.13% (range ing to previous recommendations (Williams et al., 1993) Ͻ 0.05), sex (P Ͻ 0.001), and that for diploidy (P Ͻ Guttenbach et al., 1997; Lähdetie et al., 1997; Pang et al., 1999) . This variation can be accounted for by variations in technique, inadequate sample size, imprecise scoring criteria, and diploid sperm masquerading as disomic sperm when only single-colour FISH is utilized. Three-colour FISH is necessary for analysis of sex chromosomal aneuploidy to distinguish an XY spermatozoon that is diploid (two autosomal probe signals) from one that is disomic (one autosomal signal). It has been observed (Downie et al., 1997) that aneuploidy estimates would not be accurate unless well designed studies were undertaken in which at least 10 000 spermatozoa per chromosome probe per man were assessed. However, it may be difficult to obtain sufficient spermatozoa from oligozoospermic men. The present study evaluated aneuploid frequencies for chromosome 13, 18, 21, X and Y obtained through the use of Figure 1 . Correlation between sperm morphology and sex multi-colour FISH. More than 5000 spermatozoa per chromochromosomal abnormality in eight infertile patients with OAT and some probe were analysed according to strict scoring criteria in 10 control men. Sperm morphology was evaluated by the (Williams et al., 1993) . We found no significant differences in Tygerberg strict criteria previously reported (Kruger et al., 1988) . the frequency of diploid spermatozoa when the same sperm sample from each of 18 men was scored on two separate occasions using different chromosome probes (Table II) . Our results indicate that the number of spermatozoa to be scored 0.005) showed a highly significant increase in the OAT group per individual and per set of probes are sufficient if more than compared with the control group. 5000, and that the FISH technique is accurate and reliable for We observed a close, and statistically significant, inverse determining the frequency of aneuploidy in human spercorrelation (r ϭ -0.730) between sperm morphology and sex matozoa. chromosome abnormality (Figure 1) .
Several different criteria are utilized for determining the morphology of spermatozoa. The most widespread are the Discussion Word Health Organization criteria (WHO, 1992) and Tygerberg The present results demonstrate the suitability of FISH for strict criteria (Kruger et al., 1988) . In the latter, all borderline studying aneuploidy in spermatozoa. Aneuploidy is responsible forms are considered abnormal. It has been found (Enginsu for a great deal of pregnancy loss and affects~1 out of 300 et al., 1991) that evaluation according to strict criteria was livebirths (Jacobs, 1992) . The FISH technique is relatively more effective in predicting fertilization in vitro than the WHO simple, and enables large numbers of spermatozoa to be criteria. A previous study in our laboratory (Takano et al., examined rate, also produces a higher rate of spontaneous abortion Egozcue, J., Blanco, J. and Vidal, F. (1997) Chromosome studies in human (Oehninger et al., 1988) .
sperm nuclei using fluorescence in-situ hybridization. Hum. Reprod. Update,
In the present study, we observed a significant negative 3, 441-452. correlation between the percent of spermatozoa with a normal 
